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Abstract 
With the distributed hydrological model of SWAT, the streamflow in Beijiang River Basin was simulated, and the 
hydrological response to climate change was analyzed. The simulated results showed that the SWAT model could 
effectively simulate the streamflow change in Beijiang River Basin. In order to study how the climate change make 
an influence on runoff for the basin, 15 sets of climate change scenarios are put into the calibrated model under the 
same land-use situation. Research results show that evapotranspiration (ET) will increase while water yield decreases 
when temperature increases, rainfall keeps the same. In addition, ET and water yield will increase more or less when 
rainfall increase while temperature keeps the same. 
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1. Introduction 
Watershed models are essential for studying hydrologic processes and their responses to both natural 
and anthropogenic factors, but due to model limitations in representation of complex natural processes 
and conditions, models usually must be calibrated prior to application to closely match reality[1-2]. The 
SWAT model has been used as an effective tool to model impacts of climatic change on hydrologic and 
biogeochemical cycles in a variety of watersheds [3]. As a physically based model, SWAT (Soil and 
Water Assessment Tool) uses hydrologic response units (HRUs) to describe spatial heterogeneity in land 
cover and soil types within a watershed. The model estimates relevant hydrologic components such as 
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surface runoff, baseflow, evapotranspiration (ET), and soil moisture change for each HRU [4-5]. Based 
on the digital elevation model，land used information and soil type data in Beijiang River Basin，South 
China, the applicability of the SWAT model in this basin is investigated by using the observation data 
obtained from1961 to 1980 to calibrate the parameters of the model, and the hydrological response to 
climate change was analyzed. This study on the streamflow change associated with the future climate 
change scenarios has a practical significance for the local socio-economic development and eco-
environmental protection of Beijiang River Basin. 
2. Methods 
2.1. Site description 
The 38831.95km2 watershed in the Beijiang River, was selected for case study. The case watershed is 
part of the 46710km2 Beijiang River basin, South China. The climate type of this catchment is subtropical 
monsoon and average yearly temperature is 20℃. The main way to water replenishing was precipitation, 
and the average yearly rainfall varied from 1300mm to 2400mm, the average yearly rainfall 1800mm. 
The main topography of the catchment is mountains and hills, and the elevation decreases from the north 
to south. 
2.2. Data collection and analysis 
Spatial data used in the study included a digital elevation model (DEM), land use, soil type and 
climatic data. A digital elevation model with a scale of 100m was downloaded from USGS. Land use data 
and soil data were from Ecological and Environmental Research Institute (EERI) of Guangdong Province. 
Monthly stream records for Shijiao station which is the watershed outflow were obtained from the 
Hydrological Bureau of Guangdong Province (HBGB). Seven weather stations were selected, and daily 
maximum and minimum air temperature and precipitation from the year 1956 to 2005 were obtained from 
HBGB as well.  
2.3. Model setup and calibration 
The study basin was divided into 29 sub-watersheds. The 29 sub-watersheds were further divided into 
a total of 345 hydrologic response units (HRUs). Characteristics of sub-watershed and HRUs were 
calculated and used in the SWAT simulation.  
Surface runoff was estimated by the SCS Curve Number method from daily precipitation records using 
default values provided in SWAT, which were acceptable based on landuse and soil data in the study area. 
The Muskingum method was used for channel water routing.  
Model calibration was conducted by comparing the SWAT simulated data with the observed discharge 
at Shijiao station on monthly basis. Based on some studies, several SWAT parameters were selected for 
model calibration and validation, which included as follows:  CN2, Soil_AWC, RWVAPC, ESCO, EPCO 
and CANMX. In every simulation, all the parameters were adjusted. Reterations of optimization were 
done until satisfactory results were met, which was based on graphical comparison and numeric 
evaluation of the simulated discharge against the measurements.  
Special attention was given to the calculation and evaluation of discharge，because discharge is the 
foundation of hydrological response study. We compared discharge computed by the SWAT model with 
discharge computed with data from the Shijiao hydrological station.  
Two periods were selected for model calibration and validation. The calibration was conducted for a 
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20-year period from 1961 to 1980, while the validation was conducted for a 10-year period from 1981 to 
1990.  
2.4. Evaluation 
Besides graphic comparison of the simulated discharge against the measured discharge, two numeric 
criteria were used to evaluate the modelling results:  a square of the correlation coefficient and a model 
coefficient of efficiency. The square of the correlation was calculated by the office excel.  
The model coefficient of efficiency was estimated based on Nash and Sutcliffe: 
                                          20
1
2
0
1
( )
1
( )
n
p
i
n
avg
i
Q Q
Ens
Q Q



 



                                                                                            (1) 
Where Q0 is the observed daily discharge, Qp is the simulated monthly discharge, and Qavg is the average 
observed monthly discharge during the evaluation period. Ens is similar to a correlation coefficient 
obtained from a linear regression. 
3. Results and discussion 
3.1. Runoff response 
 Monthly measured and simulated flows from 1961 to 1980 at Shijiao hydrological station matched 
well (figure 1a). Further agreement between observed and simulated flows is shown by the square of the 
correlation and Ens. These results for surface runoff for observed and simulated flow reveal that 
hydrologic processes in SWAT are realistically.  
Observed and simulated flows at Shijiao hydrological station matched well too during validation 
periods, 1981-1990 (figure 1b). The R2 between the monthly measured and simulated flow reaches 0.905, 
the Ens 0.896, indicating the model is able to predict flows well. SWAT model could effectively simulate 
the streamflow change in Beijiang River Basin. That is, SWAT is a powerful tool to simulate the effect of 
environmental change on surface hydrology for study area. 
 
Fig.1. Comparison between the simulated and observed monthly streamflow during calibration (a) and validation (b) period 
3.2. Scenarios of precipitation and temperature changes  
According to some studies for Pearl River Basin [6-7], this paper adopted climate assumption scheme 
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to study the reflect tendency of climate changes on watershed runoff in Beijiang River Basin. We took 
precipitation and temperature changes as the main aspects of climate changes into consideration. 
Precipitation change scenarios consist of five situations: increases by 20%, 10%, -10%, -20%, and 
unchanged. Temperature change scenarios consist of three situations: increases by 1℃ ,2℃ ,and 
unchanged. Basic data of land-cover adopted land-cover data in the year 1990. In sum, climate scenario 
constitutes 15 sets of combinations of different precipitation and temperature changes. 
Table 1. 15 kinds of climate change scenarios in Beijiang River Basin 
No. Weather 
change/℃ 
Precipitation 
change/% 
No. Weather 
change/℃ 
Precipitation 
change/% 
No. Weather 
change/℃ 
Precipitation 
change/% 
1 0 0 6 +1 0 11 +2 0 
2 0 20 7 +1 20 12 +2 20 
3 0 10 8 +1 10 13 +2 10 
4 0 -10 9 +1 -10 14 +2 -10 
5 0 -20 10 +1 -20 15 +2 -20 
3.2. Result analysis 
For the 15 sets of combinations of different temperature and precipitation changes, put the data into the 
calibrated model, the results of average annual evaporation (ET), potential evaporation (PET) and water 
yield (WY) are shown in table 2.  
As the precipitation keeps invariable, the increasing of temperature would exchange rains to 
evaporation or potential evaporation, as a result, the water yield decreases under these conditions. The 
data of Tab.2 show that when precipitation keeps the same, average annual evaporation would increase by 
5.4mm while temperature raises 1℃, average annual potential evaporation 32.8mm, and average annual 
water yield -5.53mm. 
As the temperature keeps invariable, the increasing of precipitation would make evaporation and water 
yield increase. The data of Tab.3 show that when temperature keeps the same, while precipitation 
increases by 10%, average annual potential evaporation increases by 5mm, average annual water yield 
160.67mm; while precipitation increases by 20%, average annual evaporation increases by 9.2mm, 
average annual water yield 321.1mm; while precipitation decreases by 10%, average annual evaporation 
and water yield decreases by 5.5mm and 158.4mm respectively; while precipitation decreases by 20%, 
average annual decreases by 13mm and 316.5mm respectively. 
Table 2. Yearly ET, PET and water yield changes caused by weather changes under the same rainfall  
Variable /mm Temperature 
change /℃ 
Precipitation change /% 
0 +10 +20 -10 -20 
ET +1 +5.4 +5.4 +5.6 +5.3 +5.3 
 +2 +11.9 +11.9 +12.2 +11.7 +6.2 
PET +1 +32.5 +32.5 +32.5 +32.5 +32.5 
 +2 +65.6 +65.6 +65.6 +65.5 +65.5 
WY +1 -5.35 -5.35 -5.38 -5.24 -5.23 
 +2 -11.55 -11.63 -11.72 -11.37 -11.32 
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Table 3. Yearly ET, WY changes caused by rainfall changes under the same weather condition (unit: mm) 
Precipitation 
change 
/% 
  Temperature change /℃  
0 +1 +2 
+10 +5 +160.7 +5 +160.7 +5 +160.62 
+20 +9 +321.16 +9.2 +321.13 +9.3 +320.99 
-10 -5.4 -158.49 -5.5 -158.38 -5.6 -158.31 
-20 -12.8 -316.66 -12.9 -316.54 -13.2 -316.43 
4. Conclusion 
Based on DEM，land use information and soil type data in Beijiang River Basin，South China, the 
applicability of the SWAT model in this basin is investigated by using the observation data obtained 
from1961 to 1980 to calibrate the parameters of the model, and the hydrological response to climate 
change was analyzed. It concludes as follows: (1)SWAT proved to be a useful tool for assessing the 
effects of environmental changes including land use change and climate variability in Beijiang River 
Basin; (2)According to watershed practical condition, 15 sets of different temperature and precipitation 
combinations was established to simulate monthly runoff and runoff depth under different scenarios. 
Simulation results show that when precipitation keeps invariable, temperature increase would increase 
average annual evaporation and potential evaporation, and decrease water yield. When temperature keeps 
invariable, precipitation increase would increase evaporation and water yield.  
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